Study design Retrospective chart review.
Introduction
Pressure ulcers (PU) represent the second most common reason for hospitalization in patients with chronic spinal cord injury (SCI) [1, 2] . They are classified in accordance with the international consensus conferences [3] in four severity levels (I=intact skin with non-blanchable redness, II=partial thickness loss of the dermis presenting as a shallow open ulcer, III=full thickness tissue loss, IV=full thickness tissue loss with exposed bone, tendon or muscle) [3] . More than 200 causal risk factors for PUs have been described in the existing literature. They can be divided into external factors such as pressure, friction, shearing forces, and moisture, and internal factors such as infection, hypotension, malnutrition, anemia, and autonomic dysregulation [3, 4] . Complex interdisciplinary treatment plans address these risk factors [1, 5, 6] , although the exact causality in these is still not clear. In addition, the discussion on diagnoses of malnutrition with the need for blood examination and nutrition screening instruments remains challenging [3] .
There is evidence that malnutrition affects the development and healing of PU in SCI patients [1, 3] . Patients with SCI suffer from an increased risk of malnutrition due to physiological changes such as an increased energy demand, protein catabolism and nitrogen excretion, and reduced intestinal absorption by the autonomic dysfunction [7] . The prevalence of malnutrition recorded by the Spinal Nutrition Screening Tool (SNST) in hospitalized patients with SCI was reported to be 45% and the length of hospital stay and morbidity were significantly higher in the group of malnourished patients. In this study, the serum albumin could even be used as a predictor for a longer hospitalization [8] .
The relation between albumin, malnutrition, and morbidity risk is increasingly discussed also in the general acute care, but not finally clarified [9] [10] [11] [12] .
Looking into the general hospital population in a multicentre study, a positive correlation between malnutrition and the incidence of PU was shown (OR 10.46, p<0.05) [13] . The patients suffering from PU (III-IV) showed an increased basal metabolic rate and calorie requirement of 23.7 kcal/kg/day compared with the patients without PU who had a calorie requirement of 20.7 kcal/kg/day [14] . The awareness of malnutrition as a risk factor during general hospitalization has initiated systematic, simple, and quickly performed assessments such as the Mini Nutrition Assessment. But its validity and specificity to detect patient at risk of malnutrition are still under discussion [15, 16] . Deep PUs are judged as moderate hypermetabolism and directly lead to a two-point risk on a seven-point scale in the NRS. Weight loss, decreased appetite, age over 70 years, and low BMI (<20.5) additionally elevates the risk of malnutrition. The recommendations are based on the total sum score, with no intervention recommended for a score of zero, low scores up to two points suggesting observation and an eating protocol and for higher risk scores, there are recommendations for individualized nutritional support [17] . In a first study, in seriously ill patients, who were classified as malnourished based on the Nutritional Risk Screening (NRS) and accordingly, additionally nourished, a better outcome including the length of stay and mortality was shown (p=0.0006, OR 1.7) [17] . For a differentiated assessment of malnutrition and in addition to the Screening Tool or Assessment, there is usually a laboratory analysis of proteins (albumin, transferrin, pre-albumin), lymphocyte count, hemoglobin/iron status, zinc, folate, and Vitamin B12 [18] . Because of lack of evidence, it is unclear both in the geriatric population, as well as specifically in the patients with SCI, which trace elements should be systematically tested and supplemented when treating PU [19, 20] .
Therefore, the aim of this study is to describe NBP and NRS in patients with SCI and deep PU (III and IV) and to analyze the relation of both NBP and NRS. These results will help decide whether one of the two can substitute the other and can in addition support the development of therapeutic nutrition concepts in patients with SCI and PU.
Methods

Study population
Men and women admitted for in-patient treatment of deep PU (III or IV according to the European Pressure Ulcer Advisory Panel [3] ) between November 2011 and December 2014 were included and treated according to the Basler Decubitus concept [5] . All the patients were at least 18 years old and had an SCI classified by the American Spinal Injury Association Impairment Scale (AIS) A-D. Our non-traumatic group also included patients with spina bifida. One patient who did not consent to the retrospective data analyses was excluded. The Ethics Commission Northwest and Central Switzerland approved this study (EKNZ 2014-107) and all regulations concerning retrospective data analyses were respected.
Setting
The specialized acute care and rehabilitation clinic for SCI offers comprehensive treatment for PU at all stages. According to the Basler Decubitus concept [5, 6] , patients with SCI and PU III and IV are treated in a comprehensive, interdisciplinary concept involving a specialist for the paraplegia (rehab and general medicine), a plastic surgeon, rehab nurses, wound care specialist, physio-and occupational therapists, dieticians, and a psychotherapist [6, 21] .
Nutrition variables
By the end of 2011, a combined standard as part of the Basler Decubitus concept has been established in our institution, including nutritional screenings, dietician consultations, standard blood parameters-hemoglobin, creatinine, potassium, sodium, c-reactive protein (CRP), erythrocyte sedimentation rate (ESR), ferritin, albumin, protein, iron, transferrin-and a predefined nutritional profile in every patient with a deep PU (vitamin B1, vitamin D, vitamin B12, zinc, selenium, folic acid, copper). This approach was the result of a consensus process between a rehab physician, a laboratory specialist, and the dietician, based on the existing evidence.
Data collection
The data were extracted retrospectively from digital medical records (clinical information systems Nexus 2.2 and Ixserv.4). The patient characteristics such as gender, age at admission, the AIS score, the level of injury, time since onset of the lesion, etiology of injury, PU localization, social status, and residence were grouped according to the recommendation of International Spinal Cord Society [22] and the SwiSCI Cohort study protocol [23] . In the nontraumatic group, spina bifida was coded as other diseases. The nutrition-specific information (involuntary loss of weight, vitamin substitution, loss of appetite, BMI<18, and metabolic stress) was documented according to the NRS [17] . Because of missing information about the ability to eat and comorbidities, we decided not to reconstruct the SNST. In the case of missing NRS-relevant information like the loss of weight or appetite, the NRS score was calculated based only on the existing data. Blood analyses were interpreted according to the published reference ranges describing 95% percent of a normal population sample. In addition to creatinine, serum cystatine C was used to estimate the glomerular filtration rate [24] . The blood values were collected, divided in interval scales, and finally, transformed into dichotomous scales using the standard cutoff values (normal and pathological values).
Analysis
Descriptive statistics were expressed as frequencies and percentage for discrete variables (gender, pathologic values) (25) 16 (35) 26 (21) Sports and leisure activity 12 (7) 4 (9) 8 (7) Fall 33 (19) 9 (20) 24 (19) After surgical intervention
Other accident cause 13 (8) 2 (4) 11 (9) Non traumatic SCI Multiple Scleroses 13 (8) 2 (4) 11 (9) Tumor
Other disease 31 (18) 8 (17) 23 ( (14) 9 (20) 15 (12) T1-sS5 A,B,C 18 (11) 5 (11) 13 ( 
Ischium 85 (50) 15 (32) 70 (57) Coccyx/Sacrum 38 (22) 8 (17) 30 (24) Lower extremities For normally distributed data, we performed ANCOVA with nutrition parameters as dependent variables and age at admission as well as years since injury as covariates. Further subgroup analyses with respect to NRS Groups 1-2 vs 3-7 and pathologic vs normal NBP for PU III and PU IV were done. The NRS was calculated as required [17] . Two clinical experts checked all the results for plausibility. The relation between CRP and albumin was calculated in the subgroup PU III vs. PU IV and correlation and cross tables were done. The Bonferroni correction was applied in order to correct for multiple testing.
The significance level was set at α = 0.05. All analyses were performed with SPSS version 21 (IBM Corp., Armonk, NY).
Results
The patient characteristics are shown in Table 1 . Of all the patients, 128 (75%) were men, 19 (12%) had a paraplegia, 104 patients (61%) had a traumatic SCI, and 14 patients were diagnosed with spina bifida. The PUs were most often localized in the sitting region (129 patients, 76%), no PU occurred at the trochanter or at the chest, and 115 had only one PU (68%). The median length of stay was 85 days (IQR 47). A total of 141 patients were living at home, of whom 51 had professional nursing services. In total 85 patients lived alone, of whom 11 were widowed (Table 1) .
We found a high percentage of pathological blood parameters in all patients with SCI for CRP (83%) and vitamin D (73%) and moderate percentage of pathological blood parameters for protein (41%), ESR (41%), albumin (34%), hemoglobin (34%), zinc (29%), sodium (24%), folic acid (22%), transferrin (15%) ( Table 2 ). Vitamin D deficiency (≤50 nmol/l) was found in 83 and relative deficiency (≤75 nmol/l) in 40 patients. Creatinine was pathologically elevated in 4% and cystatin-C-based calculations indicated in 17 (10%) of all patients with SCI a glomerular filtration rate below 30 ml/min and in 22 (13%) patients 30-60 ml/ min. The distribution of albumin (pathologic vs. normal) in relation to CRP groups is shown in Table 3 . A weak but significant correlation was found between CRP and albumin (r = −270 ** , p <0.000), indicating a reduced albumin in patients with elevated CRP.
In total 39% of all patients showed a high-risk NRS (NRS 3-7) (Table 4 ). Group differences in frequencies between malnutrition according to the NRS and patients with PU III or IV were not significant (p = 0.107 for single NRS values, p = 0.07 for NRS groups). We found no statistical different percentages of pathological NBP in all patients with SCI and PU III or IV (Table 5) . Vitamin D and protein correlated significantly with age at admission (p<0.000, respectively p=0.001). Living at home with nursing care support in 57% and being married in 52%, was associated with NRS 2 in 64%. We found a high percentage of NSR 3 (73%) in the widowed patients. The NRS on average did not differ significantly for types of residence.
Discussion
We found abnormal values in the NBP both in laboratory examinations and in nutritional risk assessment tools in a significant number of patients with SCI and PU. The most pathological laboratory values were, in decreasing order, CRP, vitamin D, protein, ESR, albumin, hemoglobin, zinc, sodium, folic acid, and transferrin. Statistically significant differences between NBP with respect to NRS groups (NIR1-2 vs. NRS 3-7) were found in albumin, protein, Vitamin D, and C-reactive protein (p < 0.05).
Laboratory parameters
Looking at the mostly increased infection parameter as CRP, ESR, and ferritin, the acute inflammatory part of the disease PU in SCI becomes obvious [25, 26] . The inflammatory state influences the other laboratory parameters, especially in the judgment of the nutritional status [12] . The decreased albumin values in our population, as well as in others [19] might be an expression of malnutrition and/or metabolic stress according to the inflammatory status [8, [10] [11] [12] . We found a significant, low negative but weak correlation between CRP and albumin and therefore, both CRP and albumin add information in individual patients and help to understand their malnutrition and infection status. The relation between CRP and changes in albumin are increasingly discussed because the combined factor indicates an increased mortality and can be used as a predictor in acute care [10, 11] . Ferritin, an acute phase protein and iron carrier [12] , is used as well, as an indicator for iron deficiency in situations with normal CRP. We also found reduced hemoglobin in 33% and reduced transferrin in 95% of our population compared to others [25, 26] and due to the direct and strong positive correlation between ferritin und CRP, in cases of anemia, a deeper diagnostics of every patient with ferritin < 100 µg/l is recommended. So, for the differentiation of acute infection vs. malnutrition, a follow-up examination of albumin and ferritin is especially needed in cases of reduced hemoglobin, when CRP is normalized.
We found reduced Vitamin D in 73% of our population with SCI and PU as the second most frequent pathological parameter. This implicates a strong correlation between vitamin D deficiency and PU in patients with SCI [20] , which suggests the recommendation of regularly testing and supplementation of vitamin D in case of deficiency. Comparing our results to the existing literature, same or comparable deficiency percentages of vitamin D were recently found in other populations with SCI without the presence of PU [27, 28] . These populations include chronic SCI [28] , elite wheelchair athletes [27] , acute and chronic SCI, and African Americans, but the epidemiological examination of the general populations with SCI are still missing [27] . Beside the known prevalence in the patients with SCI [20] , the real causality between vitamin D deficiency and PU development in SCI people remains unclear. Therefore, with the current knowledge, we recommend the regular testing of vitamin D in patients with SCI and PU, followed by the supplementation of vitamin D deficiencies to optimize wound healing [29] and to increase muscle strength [30] .
We found zinc deficiency in 28% of our SCI population similar to the earlier studies [19] . Taking into consideration the newly upcoming evidence [31, 32] , zinc-substitution in combination with enriched nutrition leads to better healing of PUs. Therefore, we recommend regular testing und supplementation if necessary. Sodium was reduced in 24% of our population compared to the general SCI population admitted to a hospital [33] and sodium levels should be regularly tested and treated. Selenium deficiency was found in 10% and because it is supplemented without any side effects to optimize wound healing [34] , no regular screening seems necessary. Although vitamin B12 was only pathological in 7%, we recommended the screening for deficiency because of the clinical relevance of vitamin B12. Folic acid usually normalizes within some days of balanced nutrition and we see no need for regular examination, although we found pathological values in 22% of our patients. We do not recommend the regular screening of Data were normally distributed according to Kolmogorov-Smirnov tests SCI spinal cord injury, N number, SD standard deviation, PU pressure ulcer, CRP c reactive protein, ESR erythrocyte sedimentation rate *Significance level after Bonferroni correction is α = 0.0028 *ANCOVA for group comparison in patients with SCI and third-and fourth-degree PU with nutrition parameters as the dependent variables and age at admission, as well as years since injury as the covariates vitamin B1 and copper because in our population it was only pathologic in 0.0% and 1%, respectively.
Nutritional Risk Screening and relationship to blood parameters
In addition to the examination of blood parameters, the NRS was collected and analyzed to cover the relevant complementary aspects such as the loss of weight, body mass index, and appetite [17] . The implementation of the nutritional assessments in hospital patients (e.g., geriatric patients) is strongly recommended because of its relevant prognostic parameters for malnutrition [16] . The NRS was 3-7 in 39% of our patient population and correlated to pathologic protein, albumin, CRP, and vitamin D. The reason behind comparing the blood parameters with NRS was to find possible correlations with a view to substitute one with the other or to influence the therapeutic nutritional concepts. In the present discussion, the complexity of nutritional status diagnosis is evident and neither the grade of the PUs, nor the NBP or the NRS can replace one another. The lack of significant differences in the percentages of NRS>3 in patients with PU III vs. PU IV does not allow for taking the grades of PU as an indicator for malnutrition and the partial correlation between high NRS. Also the pathological blood parameters don't allow the substitution of one examination with the other to identify malnutrition. To summarize, we suggest initiating nutritional counseling in all patients with SCI and deep PUs due to the high percentages of pathological blood parameters and pathological NRS with respect to the higher mortality rates in malnourished patients with SCI [8] . (29) Loss of appetite 11 (7) 2 (4) 9 (7) Involuntary loss of weight 17 (10) 3 (7) 14 (11) BMI < 18 31 (18) 10 (22) The discussion about NRS in the population with SCI leads to the selection of a suitable nutritional assessment tool in accordance with the specific patient group characteristics. Actually, several different nutritional assessment tools such as NRS, MUST, and MNA-SF have been developed and scientifically compared. With a view for nationwide comparison of nutrition, a standard assessment should be developed and recommended, but for clinical usability, the selection of specific nutritional screenings is the best. The SNST is the most useful assessment in the SCI patients to identify the patients at risk of malnutrition, including SCI specific characteristics [35] .
Clinical relevance
Laboratory examinations and assessments at admission can help to detect and correct nutritional deficits in patients at risk in order to optimize wound healing. Primarily, the knowledge of the relevant nutritional blood parameters for the patients with SCI and PU is required to develop the recommendations for diagnosis and therapy of the malnourished patients with SCI and PU. At the same time, based on these data, a generally executed nutritional assessment such as the SNST is recommended to add the relevant clinical aspects of malnutrition and to provide data for nation-specific comparisons. Due to the complex situation and the special nutritional needs during the treatment phase of PU in the SCI patients, additional nutritional counseling is recommended. The effect of these integrated treatment concepts on wound healing should be examined in prospective observational studies.
Strength and weaknesses
No comparison groups, such as patients with SCI and PU stage 1 and 2 or healthy SCI persons were available and therefore, the correlation for PU development and malnutrition has to be interpreted with caution. The NRS was not part of the clinical routine and had to be created retrospectively out of the patient data records. In 22 patients, information about appetite or BMI was missing; higher NRS scores might be attained with higher data quality. The SNST, as a currently recommended nutritional assessment tool for patients with SCI, was not available in our population and observation period. Some of the laboratory examinations (e.g., iron and transferrin) were only examined in a small subpopulation and therefore, the generalizability of this study is reduced.
Conclusions
Laboratory examinations and nutritional assessments at admission can help to detect and correct nutritional deficits in patients at risk in order to optimize wound healing. Laboratory results have to be interpreted with caution and respect all influencing factors. Due to the increased nutritional needs and changed metabolism, nutritional counseling and a complex and interdisciplinary treatment approach are required.
Data archiving
All relevant data are within this manuscript and raw data are archived by the authors.
